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THE EFFECTS OF GEOCNEHICAL PROCESSES ON THE TRANSPORT

OF CONTAMINANTS iN HUITICOliPONENT SYSTEHSI A HODELING PERSPECTIVE

Oall A. catcrbmrg

Los Alsmoa Nmtionml Laboratory
Hs F665

Loo ALamos, NH 07545

ABSTSAC.T

An equilibrium goocbomical tranaport m~ol
for multieomponant nyntmm-, ‘fRANQL, wao u-ad to

invastigata tha ●ffacta of gaochmmical procesnam
on tha tranoport of contaminant. TRANQL wao
usad to Invastigata tha ca~~itlvity of cmdmium

tran-port to a rang. of initial conditions, pH,
complaxing llgad concentration-, ●mi concentra-
tions of s slmuLtanoouaLy morbing oolute.
Aquooun-phasa complexation, dissociation of
water, ●nd sorption wcra tha procaoseo
conniderad . First, ttm transport of an initial
puloa of admlum with ● conomnt coneantratloo of
fIDTA wan ●xamined. Sacond , tha transport of ● n
initial puloa of cadmium ●d EDTA was ●imulatad.

The c!fact- of varimtiona in EDTA concm.rtratlons
●nd pH wara inva-t Lga tad. Finally, tha tranoport
of ● n initial pulsa of cadmium ●nd cobalt was

●xaminad. RasuLts chow s significant coupling

b~twoan the gaochamical procasoas of comploxation
●d sorption mrd mmos-trmnopor:. In cases whara
sorption is conaidarmd to ba ● n important
controlling raaction tha tranaport of ● solut.a in
multlcomponant Syltams 1s a Strong function of

tha initial conc~atrstion ●nd distribution of
complmxing liganda, pH, ●quilibrium formation
consLmnto, ●nd thm concentration of ● nimul-
tmnaouoly sorbing soluta.

INTROWCTION—— -

Coochamlcal tran-port ❑daling playn ● Ilg-
n!ficant rokc iu charactmrlzing tha macroscopic

far-flald cnvironmmnt ●ml parformmnca ●soaosmmnt
of potmntial nuclaar waaca #to, *O sltas. T ha
opacific goochamical procaaman ●IM tha paramotmr
valuta con?idarod in tha modaLing affact tho

raaulto of thaoa tranaport slmulmtiona ●nd thus
tha pradlctad parformanca of ● rcpooitory. In

particular moot transport ■odcla currently uamd
in nuclaar wm.tm otora~t program raly aolaly on
the uoa of a diotrlhution coafficiant to d~acrlba
th~ ●qulllbrlum intmractioo ●d ratirdation of m
radionuclidg, Howavar, dlatribution coafficlant
modolo do not bka into account complax Caochmml-
cal or ■ultltolo- roactiono ●d hmv~ oftmn bman
lnadaquata in aimulatln~ obcarvcd tranaport.

lMplicit in tha~a ●odalo la ●lso tho ●soumptlon
that ths oolut.n bmin~ ■odalad ●ct ld~pandoatly
of tha bulk solution composition, i,s., the
trannport of on~ particular contmmiomnt doam not
dopard upon tho prcnanc~ of ● rIy othar aonotituant

in t.ha syotam. Tharafora, ■ or. oophistlcat~d
●ultlcomponaut ●quillbrlun gaochamlcal tranoport
●alolr hfiva racantly boon dawalop~d (Valocchi
● t ●l,, 19131~ Chmrbonaau, 198LI ~mdarbarg ● t ●l.,

1903). Hulttcomponant ●dalo Mva tho pot~ntlal
to lncorpormta tha cqllllibrlum chauical roactlona
which may ba ●l~niflcmnt in d~scrlbin~ ● nd

predicting tranmport ouch ● d ●qumoum-pbamm com-
plexation, ion-axcbmnga, ●imul-naoun mdoorption,

dinnociatlon of watar, ●nd precipitation/
dissolution. BOCMUSG conumin~tion nourcas ●nd

●nvironmant~ at potontial nuclaar wastm
ropo-itory Sitma Qra in raality ●ulticompon,nt
-olutions, the ●pplication of multicomponant
models to such sitmo should bm invastigatcd, Ae

● n initial stap, on- ouch modal, TRANQL
(Cmdorbmrg ●tal., 1985), wma uamd to lnvastigatc

tha ●ffacts of gaocbamical proccamas on thm
trancport of ● sorbing soluti, cadmium, in a ❑ul-
ticomponant syomm,

Tha prlncipml objactivo of thlo papar la to

●ttampt to ● nsucr tha qu-stion, “domn including
complex chomiotry in tranoport ❑odola mako s
diffarancai”, i.a., whtt 10 the Lmpmct of variou~

goochamical procaasom ●d parmmtmr valuaa an tha
transport of ● solutm in a multlcomponant oy-tmmm
In tha -actions that follow, first, tha
gaochamintry conoidmrad in tha simulation la
daacribad. Sacond , ● g~naral outlln~ of the
■dal, TRANQL,la given. Finmlly, thm ●ffacts of
ctungas in initial conditlonn, complaxing Ligand
concentration, pH, ●nd ●l~ultanaoualy oorbing

Ooluta :oucancrationm ara da tall ad,
Aquaoua-phaaa complaxation, dissociation of
whtar, ● nd -orption wcr~ tha g-ochamical

procaosoa conaidor,d. From thasa ●xamplas it tin
bm concludad thmt ● significant coupling b-tuaan
tha gaochamical krocanaao of comploxation ●od
norptlon ●ti mmo--trmsport ●xiotoc Furthar ln-
vaotigatlons •hoult~ continua In ●pplying thla
modal to rtdionucJ.i.ia trmnsport at potontial

nuclaax wastt rupooitory alta~ in ordar to
valldat~ or invalldata tha Joa of distribution

coafficiant tranaoort J03als.

MODEL DESCRIPTION

TMNQL 1s tha modal uBad for the oimulationo
in this papar (Cadarbarg at AL., 1985). In
TRANQL tha ●quillbrlum inttractlon chamiotry io

pod ldopadantly of tha m,lao trancport ● qua-
tions, which Losds to ● ●at of ●l~abraic
●quatioma for tha chmlntry couplad to a fiatof
diffarantiml ●quatlona for tha MOO transport, A
●olutlom in found by ltorating botuamn tha two
●quation sots. Tk MASS tramoport ●quatlons ● ro
oolv~d uoinS tha @alarkin-Finlto Elawcnt Hathod
with am implicit timm-auppin~ ochmma ●od tha aL-
gcbralc chmmicmk squmtiom act i- ●olvcd uoing tha
Nawton-Raphoom ttmthaJ.

Thm ●qulllbrlum lntmractlon chsmia:ry con-

●idarnd hara so ● modal ayotom ●nd shown in
Tabls 1 lncldmo narptlon, oomplammtlon, ●rml difi-

mociation of umtar. Thm pmrtitlonl~ of ●paclms
hasad oe thtoa chamical raactions dapcndm



upon a variaty of phymlcal ● nd chmmicml codi-
tiom such ● s timpmratura, pH, tha bulk colution
Composition, tha typa ●nd numbar of corptlon

sit.as, ad thm raa~ctiva concantratlon of ●ach
spmCi~~ in tha SyBta9. Tho sot of conpommnta
;I#k+:omm}$a to ~ormml~-ap.ciam+is da finad as

, HCO , CDTA
2

, SOH, H ) whara SOH is
tha totai num ● r of oorptlon sites in
■olGa/litmr.

Tha value of tha bioding coafficiant, K
for tha ●orption reac:ion of cadmium is a fu w

tion of pH. Thus, tWO V~lU90 Of 10~ K
givan in Tabl~ 1. Tha V~lUOO of K d?a %:

latad from dmta taken from labo /fto,y bat:h

●xparimanto (Lackie ● t ml., 1983). Thm ●quifar
wtmrial umad in tha expmrinntn cama from ● cal-
Caraoum, sandy, unconfined aquifar naar
Bordan, Ontario, Cmnmda.

To ●olva tha sat of chamical ●quilibrium
●qumtiono for tha ●ightaon mp~ciaa ● computar

coda, HICROQL (Wastikl, 1979), in U@Md. Tha in-
for-tion raquirad from MICI1OQL for input into
tho trannport ●qumtions ●ftar tha conc~ntrationa
of ●ll spaciac ara calculated ia the total

●quaous concantrationa of ●ll components. For
●xcmpla, Cd (th. toj$l.mount o$fi~dmlum in the
aquao$a pht8aJ- [Cd ]+[CdEDTA ]+[CdtlEDTA-]+
[rdHC03]+[cdOH ],

For ona-dimanoional flow in ● homoganaouo,

isotropic porou- mmdium the fu~ammnbl tranmport
•quatio~ls in TRANQL sra tha following

a(cm)i
-. D.

L
3X2

-v

8X
i-l. ..Nc (1)

whara N - number of componantt (-6), (C ) - total
(aquaou~ + sorbmd phasa) concantratio~ $f com-

) = ●quaous phaso concentration ofponant “ “AQDi - Coafficiant of hydrodynamic
componont i.

dlmpar~ion. ●ndLv - ●vmraga groumiwhtar velocity.
Inotacd 0[ formulating tha trannport ●quatlono
around tha ma~a balnnca for ●ach opccias in tha
aquaous pham, tha transport ●quations hava baan
wrlttan around th, maos baLanca for tha total

concentration of ●ach componant, This formula-
tion ●llows the intaractlon chamlotry to ba pootd
irriapcdkntly of tho Mao tranoport ●qumtiona ●nd
coupling of tha two aatc in ● prmclao ● anner,
TM tlmo darivativa of th~ total componant con-

centration La a function only of tho transport by
advaction ●nd dlapar~ion of tha totsl ●quaous
componant cortcantratlonc Tho (C ) “o ● rc datar-
minmd from tha solution of ‘%lcRoQL, th~
●quilibrium chcmiotry ●qumtion not,

Th@ final oat of msan-tranoport ●quationo la
● oystam of diffmrantiai ●quatlono (in thio ax-
●mpla two ●quations). Tha final oct of
●quiiibrium chamietry ●quatlonm 10 s oyst.mm of
●igabraic ●quationt (hero ●lghtaan ●qumtiona).

After initiallmin~ tha ayotam to ●quillbrium,
tq . i aan bm oolv-d dlractiy for (EDTA ) bacau~~

(kDTA )-(EDTAA ). 90\ution to q. i fir tha non-
Conaa?v. tlvm%omponant, (Cdr), is found by
iterating batwamn tha two ~q ●tion oats unt!l

ooma pr,ocrlbcd convarSanca toiarsnc~ 1- ● ot for

tha nonconnmrvativa corponcnt. It 1S ●saumcd

:%~,y:i:onc”ntr’tlo?of t~oth”rcompon”nts~
SOH, SUI H , ramsiu coastaut.

Kmmctloom 9poclmo losIOK

1 @ . ~2+ o

2 ~2+ . & o

3 WOj - RCOj o

4 EDTA4- - lDTA4- 0

5 son-w 0

6 E+ -u+ 0

-Phmct iol

7 &+IOTAb- - S3KDTA- 6.16

0 ‘fi + SDTA4- - E#OTA 10.26

9 & + CDTA4- . ~oTA2- 15.78

10 c42++ #++ ~A4- . ~~~A- 18.50

11 M* + WXl; - cduco~ 1.92

12 u2+ + -Ah- . ~~A2- 10.52

13 &2+ + P + 5Q7A4- - ~A- 13.00

14 Ca2+ + ECOj . CaUCO~ 0.92

15 cdfi-d+~o- Cdou+ -10.28

16 cat+ - n++ Ilzo - Gor# -12.78

Diosoclmtion of Uacor

17 -n++ u~o - ou- “13.9i

Oorption

18 Cdz+ + SOU = CdSW
5s01 FE - 7.46
3.35 @ - 7.97

—:~

Tabla 1. Chmmlcal Raactiona for th~ cadmium/EDTA

mymtmm.

EFFECTS OF CEOCHEtiICAL PROCESSES

TRANQL uam uo~d to invettigata tha aan-

oitlvity of cadmium tranoport to ● ranga of
lKilLal condition~, complaxing iigand concantra-
tiona, pH, ad concentrations of ● ●lmultanaou~iy
sorbing ooluta. For aLl tha ●imulationm in this

pmpcr tha multicomponant Ecochamical paramatar
valuao and tht phyolcal paramatmr values ● rt tha

stm~ ard hold connunt. Tha gauchamicai systcm
conaidarad ia daacrlbad in Tabla 1, Flow wa- in
on. dl~ansion with v - 0.10 ■/dsy ●nd L)L -
0,006 m /day.

Effact of ● Conotint Initial CDTA Concontrat,lon

Th@ ●ffoct of thrm diffarant conatint EDTA
cane-ntrati,on- on tha tranoport of ● n lnltlal

~~~:~n~~a;:~~! ‘~f”&%4~~~~kiLa “d’
Tha total

, SUM, and pli ara

h~ld conahnt throughout th, ~imula tiona in ordar
to loolatt tha ●fftct of the constmnt I!PTA con-

centration on tha tr~ncport of cadmium. At timm
t-o, a puima of cd

c
1s piaccd in tha systam

which is than ● oa mod to ba ● t chamical
●quiiibrlum. Thrag4diffgg6nt connant ~gncantrm-
tlono of llDTA (LO , 10 , ●nd 2.51X1O H) rfora
uoad in tho simulations. Thm thraa rospoctiva
initl~i Gf di-tributiona ● ra Bivan in Figura 1.
Th@ bounda~~ valuaa ● ra takan to ba lhooa ● t tha

● xtrmmas of thm initial dlatributlon~. For
numaricni purpooam tha bmck~round iavai of (X wam
*nsumod to bm tuo ordarn 0[ mmSnituda sullar



then the paak concentration VaLLIQ of tha input
pu:ne. Constant ● quaoua backgroud concantra -

tiona for ●ll componanto were uaad ao the
boundary condition ● t x = -1.375 m. Thm ccntar

of tha pll~~t was ●ssignad x - 0 ● t t - 0.

10-’

CDT

m
10-7

10-~

10-b

CDAQ

M

10-0 np JWT+- 10-4 n

.
.

,0-10 L_L2unJ
o k 8

DISTANCE (m)

Figuro 1. Initinl Gi/constant EDTA mystsm.

TRANQL was run to simulato ● raal t.ima of 40
dayo. A timo stap of 2 hr ●od nalal spacing of
0,23 m warm ,uaad in tha simulation, FLgurc 2
shows tha raoulta of *ha thraa TRANqL olmula-

tlonl, ●ach ulth ● dlffaront initial
concantrktlon of lfl)TA. ‘rtw.oU1 concantratlon
of ●quaous cadmium, w 10 plottad am ● func-
tion of dlotanca for ~fi;h lIDTAooncantratlnn.
Thm dlffarancos in tha initial dlstributlona of
Cd ramultarf in markad diffarancas in the
ra~ltsof thatrmnsport slmulntlonn. Wh.n CDTA
1- ● t lts manlmum vmlua mora csdmlum compla~ao
with the l!DTA, ramalno in t),scquaouo phaoa, ●nd

tharaforo 1S trantportod furthar in tha
x-direction, Uhar. IWTA in mt Ltfiulnluum valua.

unly 1% of the cadmium r~mmlno in the ●qu~oua

phaaa, 98% of tha e,mlmlum 10 Lmmadlalaly -orbad
and virtually no cmdmlum la tranaportad Lb tho
rn-dlractlou,

(ha

M

1o-1o I I I t 1
0 4 8

M’WCE (ml
Fiauro 2. The ●ffact of con-tint EDTA on Gi AQ “

Effact of ●n Initial Pulca of EDTA

Inotaad of ● consaut comcsntrmtion of EDTA

a pulsa of u ad
‘2

is placad in tha aymtam
● t tire. t=3m FouV;if.r.nt coaccntratlotrsof

EDTA in tha input pul-m ●sr@ usmd. To rafarancc
thm aimulatiom kck LO tha varying initial con-
cantrmtiona of EDTA ● notation which ●pacificm
●ach C#Oa io liatad in Tsbla 2. Caaam
EDTA(la)-EDTA(4a) wcr~ uaad in thio ●cctlon to

simulatm tha transport of G pulaa conuining EDTA
and a. C’.~aa EDTA(lb)-CDTA(4b) uara umd in tha
n~xt ●cction to lnvastigmra tha ●ffrct of pH on
tha tranaport of 01. T’M initial distribution of
Cr! for C*oa# ED’kA(lm)-(4a) 10 shown in
Fig*i@ 3. Initially, with mora EDTA in tho cys-

tam
two-ord~r~$~uB;;t&8 d ;f;m’r~nc; ;nl ~~k’ con!

castration of EDTA ra~ulto in ● 50% dacrcaoa in

‘ho ‘nitial ‘oak aAC/ concentration”

Casa Pamk(H) / bMCk~rOUfld(M) Pti

EDTA( la) Mlxlo:: /
EDTA( 2a ) 5.OIXICI, /
cDTA(3m) l.oxlo-~ /
EDTA( b ) 1. OX1O /

EDTA( lb) 2.51X1O:: J
RDTA(2b) 5.01s195 /
EDTA(3b) L.omlo t
tl)TA(6b) 1.OX1O-Q /

2.5LXLO::

~.olxlg,
L.GX10-6
1.OX1O

2.51x1O::

5.01XLI)7
L.0X10-6

I.oxlo

7.97
7.97
7.97
7.97

7.h6

7.46

7.46
7.46

Tabla 2. EDTA Concontratlono umd in cadmium/

EDTA oimuLatlon-

PiSura 6 nhowa tha raoultt of fou: TRANQL

almulat~ona, ●ach with G tllfforant lnltlal pulaa

comountratLon of WTA. Whan tha pamk aoncantra-

tlon of RDTA la a m~xlmum [Cmoc BDTA(4)]D mont
of tha cadmium 11 aomplancd with thm I!DTA mnd
thorafor~ r-mlns in tho ●quoouo phhaa. In this
aaac ordmlum @ ‘avas in ● mamnor oimllar to that
ef EDTAP the confiarvatlvc oomponant. AC tho
iultlsl pamk CDTA aohoantratlon docraaaam, mora
*MI sora mlmlum ●doorbo to tk porous Mdlum duo
to tha d~araama io cadmium c~mpltxatlon, A
twa-ordar-nf-maSni tuda dacruooa in pamk tDTA



concontrstion [Cmoo EDTA(4e ) u EDTA( la) 1 raaul t~
in ● om than an ordar-of-megnitdo dscraasa in
thm wximum c.omarvad coneantration of cadmium.
As the pmak KOTA moncantr~tiom dccr~asas, cedmium

becoma mora #md mora L=bila ●md M comcantra-
tiom dlntribution IJMCOMMS ●ayatric.

CDAQ

M

10-b . ..—

10-B
L’DTA(4u)

EOTA(3a)

q“’’””:]
9

‘1—-

Com
M

13-7

10-9

h a

Di’T#NX (M)
k’i~uro 4, TM ●ffect of puloo EDTA on UI,Q,

Th@ asymmatry in tha cadmium di~~ribution

Complaxation, ●pmciation, and sorption occurring
●varyvhmre in thm symum (Cmdarbmrg, 1985).

Tin Effact of pH

For t~ cmdmlum/EDTA systam (sea Table 1)
tha formation or bimding coafficicnt, K

Y
, for

the sorption raaction is an implicit funct on of

pli. An tha pK incrtasas, ● e doa~ tha valua of
the binding coafficiant. Tharafore, caaam

EDTA(lb)-EDTA(4b) wara simclatmd to inv-stigsta
tha ●ffect of pH on cmdmium tranaport. For
diract comparison tha c>ncantration of (M for
Cmsas EDTA(lb) arul (la) ad EDTA(4b) and (kA? ●re
shown in Figura 5 for t - 40 daya. Whan tha pH
is low-r tha caimiua it ❑ ora mobila ●nd
tranaportad furthar. Thm ●ffact is most notice-
●ble whan the pmk EDTA concantratlon 1S iowe~t

[CaaaS EDTA(lb) and (la)]. In this cama the
d~craaac in pH raoulte in ● 75% incraasa in tha

obacrvad Mxlmum cadmium concentration, The COIJ-
plaxacion of tha cadmium with the EDTA ovarwhaLme
●ny chango in cadmium concentration due to a
c!~nga in pH. Tiurm is Littlanoticambla change
batween tha cadmium concantrationc when th~ EDTA
p~~ak concentration 1S ● mmximum [Cmoco ETA].

(4h)]. BanauoG tha binding coefficient has a
Low@l value ●t a low-r pH, tha cmdmlum wIL1 bind

laaa strongly with the porouo mcdlum ●nd tho EDTA
wili compatm for tha admium mora strongly.

I I 1 1

,, . . . .

10-7
., “,,

,.,
,.,

~m ~. . . . . \ “,,, “.. lSDTA(4b

FqL’ ~

..............,.,

rl
,, SJTA(4M)

10-9
,,
...
...lm[wr

L- .1.. , I 1 1 1
0 8

~lS?~E (M)
Figure 5.

‘~ ●ffact ‘f p“ ‘n ‘AQ”

Thm ilffact of Cobalt-.

Hera than une remctiva componant ii off-ii
found in conhmlnant systems. A nacond componant

may or ❑ay not compaca with tha flrot compnnant
for Bpocific compiaxinS li:andm or sorption

●itao. To lnvantlgata tha ●ffects of the
praoanca of ● nmcond oorblng coaponant TRANQL was
ua~d to mimulata the trhnaport of ctdmium ●nd

Cobalt. Tkm additional chamlcal rmactlono to the
cndmlum/cobait/lii!TA ayntam mro ilotad in Tabla 3.
The compiota nyotam of roaction~ lnciuda~ ail

theta raactlons from Tablo i piuo tho~a raacti”,.i
●pacific to cobalt, In thio aat of ~cactions
cObaLt formm compLtm9c o!mila~ to thosa of

aadmlum. The VQIUCO of the bindln~ coaiflclenta

for cadmium ●wl cobalt in a myqtau total+or ware
foumd by bmtch ●mporlrnnte,



nonconmrvativa tranaport ●quathna, ona ●ach for
the componantc, cadmium and cohlt. Th, physical

parameter values umd in th ●imulationa ● ra tha
same as theta of the pravioua section. Tha

initial ●d boundary conditions ● ra almo similar
in valua; houavar, hors pii - 7.66 ●nd SOHT -
0.204 H. For thin invas.igation ● puloa of cad-

❑ium, cobalt, and EDTA ia input while tha

concantratlono of the other componcntn arm bald
constant ●nd ramain ● t the valuam daacribad in

the praviouc oectiona.

19

20

~oL+
- cc’+

co 2+
+ F.DTA

4-
= CoEDTA2- 15.58

0

‘1
~2+

+ H* + EDT A4- _ CoHEDTA- 18.40

22
co 2+

+ HCO; - COHCO; 2.72

23
co 2+

- H+ + H20 = CoOH’ -9.88
Sorption

24 co’+ + SOH = COSOH 3.0
pH-7.4b

(16)
~ 2+

+ SOH - CdSOH 3.6

Tabla 3. Mditionml chemlctl raactlono for tha
cadmium/cobalt/EDTA •y~tam.

Flguta 8 •how~ tha rcoultm of two TRANQL
oimulatlonm ~, ,O.p tho lnitla\6paak valuas of
EL)TA

?
H ●nd U

1
10 10 H. AS tha con-

cant ●tlon of cobalt lnc ●aaaa, thm concentration

of Cd dacraafia-, Tha diffaroncc in Co con-
c.!, tr~!ion haa a .i’mlflc.nt .ff. ct on th.
tranrport of cadmium. Although U initially
is hlghar whan Co lslobIar, th. dl~~ar.nca in
tho two M dia$rlbu~.ions Lncraasao with tima.
Initially ~!/aro wao apprnxlmataly a 40% dlf-

faranca in tha M paak V~lU~. At the cod of 60
dmym mn ordar-of-~gnltuda ditf.r.nca in th. p.ak
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SUliJfARY

Results show ● -ignificant coupllng botw~an

tho ~~ochamical procensoo @f complaxation ●rkl
sorption and mamn-tranaportm In CSSGO wharo

norption i- conoidarad to ba an importar.t
controlling raaction the trausport of ● soluto in
❑uLticomponant nystdma lJ ● -trong function of
tha iultial concancratlon ●nd distribution of
comploxing liganda (hero EDTA), ●quilibrium for-
metion conatents, pH, ●d the concantratlon of ●

simultanaounly sorbing solute. In tha praconca

of a conoorvativ~ complaxing compon@nt ●uch ● O
l!DTA tho ❑oblllty o; tr~naport of cadmium ln-

crcm-ad significantly as tha co~cantratlon of
EDTA lncrarnmod. A two-ordar-of-menit uda in-
croan~ in EI)TA rmauLtad In ● n ordal-of-megnltuda
lncraasa in tha pradic~d meximun concentration
Of ●qUOOUO cndmlum. Uhen EDTA tiao coumtant, the
01 curvac iateinad tholr ●ymetry. Howavar, in
cn~~, wh.rc. pulo. of BDTAwms input tha Cd

“tydistributions bacmme ●syrnctric and olgnifican.

brondanmd. Thuc, the .nltlal dintrlbutlona and
concmntratlono of ●ll compon~nts in tha ayatam

may ●ffact t!m transport of ● sorbing solute. AS

tbc plf dacrmaa~d ●nd the corraapomtlna bltiint
coefficlont dacr~aoad, tf’m trtnsport of cmdmlum

lncraacad, Uhan tha EDTA pmk concentration wma

● minimum, tha d~craamo in pH ratult~d in ● 75%
incr~moa in tha pradlctad maximum Cd
concentration. Howavar, uhan tho peak concantr i9

tion of ECITA uao a ●aximum, tha chan~a

in pH had littla ●ffect on cadmium transport.
FinmLly, a- the concontratlon of a accond sorbing

compoaant ,cobmlt, was incr~asod, tha tranaport

of cadmium rmapactivo;y dacrmn-ad. A

two-ordmr-of-magni tude incraasa in cobalt

raaul tad ic ● 50% docraaaa in the Cd
concantratiom.

AQ

Tha ●pccific rmsultn from thaaa simulations

● re ● fun~tion of the fiat of raactions con-
aidmred, the components prm~ant, ●nd the
●quilibr!un forution coefficl-nto. Howavar, the
results do reprernant tradk onc might obaarve in
ground-water contiminmtion ayatems which concern
the transport of inorganlco in ● multicomponent
system. Trom tha vimwpoiot of nuclaar waste dim-
poaal programs tha rasulto of these cmlculationa
raioe ●avsral imporhnt quemtions. First, what
io the ●ffect of ❑ulticomponent complexation ●nd
sorption on memo-transport and thus performance
assessment ●t potmntial nuclear waste repository
sitas? Sacond if models such ● s TRANQL are

needed ● re tha nmcaaaary da- being gatherad in

order to use thtoe ❑dels? Finmkly, how Valid iS

the ●pplication of distribution coafficiant
maLels to pradAct tranoport ● t rapoaitory sitao7
Furthar invactigmtions ● re continujug in order to
answer theee qlest iona.
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